ABSTRACT. Sugarcane breeding under climatic conditions of Pakistan is very difficult due to unavailability of viable fuzz (seed). Somaclonal variation can provide an alternative for improvement of existing genotypes. Six hundred and twenty-seven somaclones were developed from sugarcane genotype S97US297, and protocols for callogenesis and organogenesis were developed using Murashige and Skoog medium. Two types of explants, leaf and pith, and two auxins, 2,4-dichlorophenoxy acetic acid and indole-3-acetic acid, were tested to optimize callogenesis for root establishment. Leaves as explants with 3.0 mg/L 2,4-dichlorophenoxy acetic acid gave the best results, both for callus induction and proliferation. Half-strength Murashige and Skoog medium with 1.5 mg/L indole-3-butyric acid proved to be the best for rooting. Red rot-resistant somaclones of the R 2 generation along with the parent were assessed for genetic variability at the molecular level using RAPD and SSR markers. Polymorphism based on RAPD and SSR was 32 and 67%, respectively. Polymorphic information content ranged from 0.06-0.45 for RAPD and 0.06-0.47 for SSR. We conclude that somaclonal variation of sugarcane varieties is sufficient to allow selection.
INTRODUCTION
Globally, sugarcane (Saccharum spp) is an important source of commercial sugar accounting for almost two-thirds of world sugar production (Menossi et al., 2008) . Pakistan ranks 5th in world production. It is the second largest cash crop of Pakistan, with a production of 50.05 million tonnes in the year 2008 (Anonymous, 2008 . This indicates the importance of continuous breeding efforts for the production of high-yielding and diseaseresistant cultivars. Red rot disease caused by the fungus Colletotrichum falcatum Went. is one of the major constraints for sugarcane production in Pakistan. This disease caused the greatest loss to the sugarcane industry in Pakistan during the period of [2003] [2004] [2005] [2006] . About 29.07% loss in cane weight was recorded, which resulted in 30.8% loss in sugar recovery (Hussnain and Afghan, 2006) .
In sugarcane breeding, flowering induction or tasselling is of paramount importance. Unfortunately, climatic conditions are not favorable for flowering in Pakistan. Thus, the variety development program depends mainly on the import of fuzz from the USA, Brazil, Barbados, South Africa, Mauritius, and Australia (Malik, 1990) . This emphasizes the need to explore new horizons to augment the existing varietal development program.
Somaclonal variation has emerged as an important parasexual tool for crop improvement. This technique has been developed as a breeding tool for improving the quality and production of vegetatively propagated crops such as sugarcane (Siddiqui et al., 1994) . Somaclones show variation for different parameters such as yield, sugar recovery, disease resistance, drought tolerance, and maturity. Assessment of genetic variability in tissue culture-derived plants would be helpful for plant breeders to select appropriate material for their breeding program.
Technological advances in molecular biology have contributed greatly to understanding the genetic diversity of plants. Molecular markers are used to measure the extent of variation at the genetic level, within and among populations. Random amplified polymorphic DNA (RAPD) and simple sequence repeat (SSR) markers are the most commonly used molecular techniques to study polymorphism in sugarcane (Oropeza et al., 1995; Nair et al., 1999 Nair et al., , 2002 . SSRs are highly polymorphic compared to other marker techniques such as RFLPs and RAPDs (Powell et al., 1996) , and they can detect polymorphism even between closely related lines and require less quantity of DNA.
The genotype S97US297 used in this study was received from the Sugarcane Research Institute, Faisalabad, Pakistan. This is a good yielder with more than 11% sugar recovery, but is susceptible to red rot. The development of somaclones requires optimum conditions for callus induction and regeneration of plantlets from an explant source. The aim of the present study was to identify the best explant source and optimize medium for callogenesis and organogenesis for the sugarcane genotype S97US297. The other objective of this study was to assess the genetic variability among the selected red rot-resistant somaclones and their parent by RAPD and SSR markers. This information will enrich the ongoing breeding program by somaclonal variation and will help to overcome the breeding problems caused by unfavorable climatic conditions in Pakistan.
MATERIAL AND METHODS

Plant tissue culture (development of sugarcane somaclones)
Leaf and pith explants were used to develop calli. The innermost young leaves above the apical meristem and the pith below the meristem, both 0.5 mm in size were excised under aseptic conditions and cultured on Murashige and Skoog (1962) (MS) medium supplemented with 2,4-D (2,4 dichlorophenoxy acetic acid) and IAA (indole acetic acid) at 1, 3, 5, 7, and 9.0 mg/L for callogenesis. For organogenesis, calli developed with each auxin were cultured separately on MS medium containing kinetin at 0.1, 0.5, 1.0, 1.5, and 2.0 mg/L along with 480 mg/L casein hydrolysate as nutritional supplement. Differentiated shoots were separated and shifted to the rooting medium with 50 and 100% concentration of MS salts supplemented with five different concentrations, i.e., 0.1, 0.5, 1.0, 1.5, and 2.0 mg/L IBA (indole-3-butyric acid) or NAA (1-naphthaleneacetic acid).
Sucrose in the medium was added at 3.0%. The pH of the medium was adjusted to 5.7 ± 0.1 with 0.1 N HCl or 5% NaOH. Phyta-Jell TM , at 1.5 g/L was used to solidify the medium. Ten milliliters molten medium was dispensed in each test tube, and 30 test tubes were used for each treatment. Autoclaving was performed for 20 min at 121°C and 1.2 kg/cm 2 pressure. Callus cultures were kept in the dark for the first 15 days at 28 ± 1°C and then shifted to light at 2000 to 3000 lux for 16 h. The same temperature and light intensity was used for organogenesis and root formation.
Data for callus induction and degree of callus formation were recorded, first at the completion of the dark period and then weekly afterward as follows: (0) for no callus; (1) for poor callus; (2) for fair callus; (3) for good callus, and (4) for excellent callus. Data regarding regeneration percentage and number of shoots obtained for each treatment were recorded after 40 days, whereas data regarding root initiation and number of roots developed by each plantlet were recorded after 30 days.
In vitro regenerated plantlets were taken out from test tubes and washed under running tap water until the callus residue was removed. Plantlets were then shifted to greenhouse conditions for hardening until the sowing season. Statistical analysis, determining and assessing means, standard errors and mean squares, was performed using standard methods.
Molecular studies
Field testing was carried out to assess the resistance of somaclones against red rot disease by inoculating with the respective pathotype by the bore hole method under field conditions. A total of 15 somaclones that showed resistance against red rot for three consecutive generations, i.e., R 0 , R 1 and R 2 , were used in the molecular study (Table 1) . Two types of DNA markers, RAPD and SSR, were utilized to determine the genetic variability among somaclones and their parent.
DNA was extracted from young leaves by adopting the CTAB method (Doyle and Doyle, 1990) . DNA concentration was determined using a NanoDrop Spectrophotometer (ND 1000). In total, 150 RAPD and SSR primers were used in the study. Of 100 RAPD primers (GeneLink, USA) only 20 were polymorphic (Table 2) . Of the 50 SSR primers (GeneLink, USA) studied, 28 showed polymorphism ( For RAPD analysis, (Appendix A) and SSR studies, reaction mixtures of 25 and 20 μL were used, respectively, to amplify genomic DNA in a thermal cycler (Eppendorf DNA Thermal Cycler 9600). RAPD amplicons were separated on 1.2% (w/v) agarose gels, whereas SSR products were analyzed using a 3% (w/v) Metaphor gel (high-resolution agarose), stained with ethidium bromide.
Data from RAPD and SSR gels were recorded by denoting the presence of each locus as 1 and absence as 0. The polymorphic information content (PIC) values were calculated as suggested by Cordeiro et al. (2001) . The coefficient of similarity was calculated according to Nei and Li (1979) using the NTSYSpc (version 2.1) cluster analysis software (Exeter Software Co., Setauket, NY). A dendrogram based on these similarity coefficients was constructed using the unweighted pair group method with arithmetic mean (UPGMA) algorithm (Sneath and Sokal, 1973) , provided in the package NTSYSpc software (Rohlf, 1993) .
RESULTS AND DISCUSSION
Callogenesis
The present investigation revealed that there is a wide variation in callus texture and color and degree of callus formation depending on culture medium formulation, explant source and genotype. In the present study, two prominent callus types were observed, i.e., compact (embryogenic) and friable (non-embryogenic), based on their morphological appearance. Such a highly diversified mixture of callus in sugarcane was also reported by Brisibe et al. (1994) , Falco et al. (1996) and Anbalagan et al. (2000) . Anbalagan et al. (2000) , while working on sugarcane cultivars, reported the formation of two types of calli from leaf explant. They found that one was loose, friable and non-embryogenic (non-regenerable), and the other was compact, white, nodular and embryogenic (regenerable). The callus was so heterogeneous in texture that there was still considerable confusion with regard to its nomenclature.
The results of the present study also showed that a wide range of variation exists in degree of callus formation (Table 4 ) and callus induction. Callus initiation on cut ends of in vitro cultured explants was observed in all hormonal combinations. The explants cultured on MS medium without growth regulators did not produce any callus and was excluded while studying the comparison of different concentrations of growth regulators. 
Callogenesis in response to 2,4-D in MS medium
The effect of 2,4-D on callus induction and formation was evaluated; the maximum degree of callus formation was 2.94 ± 0.22 at 3.0 mg/L with leaf explant. The maximum response by pith explant was also at 3.0 mg/L 2,4-D with a callus scale of 2.15 ± 0.45. These findings are in line with those of Michael (2007) and Khan et al. (2008 Khan et al. ( , 2009 ). The results also indicated that lower levels of 2,4-D performed better and produced a good callus compared to higher concentrations. Callus formation rate declined with an increase in hormone level (Table 4) .
The extent of callus induction at five different 2,4-D doses using two explants is given in Table 4 . Callus initiation was observed at all levels of 2,4-D in both explants; however, it varied with the medium used and the explant source, ranging from 73.33 to 96.67% with leaf and from 56.67 to 86.67% with pith explant. The highest callus induction rate, i.e., 96.67%, was noted on leaf explants with 3.0 mg/L 2,4-D. Gill et al. (2002) and Badawy et al. (2008) have also reported similar results. Using pith as explants, the highest callus induction rate, i.e., 86.67%, was recorded at 1.0 mg/L and the lowest (56.67%) at 9.0 mg/L. In the present study, pith was found to be less responsive with regard to callogenesis both for callus induction rate (72.67%) and callus formation (1.37 ± 0.23), compared to leaf with regard to callus induction rate (87.33%) and degree of callus formation (2.07 ± 0.26). It might have been due to the formation of polyphenols in pith cultures, which resulted in poor callus formation. Our results are in accordance with the findings of Aftab and lqbal (1999) and Snyman et al. (2001) .
Callogenesis in response to IAA in MS medium
The effect of IAA on callus induction and formation was also studied, and it was observed that leaf explant performed better at the 9.0 mg/L dose of IAA with a callus formation score of 2.55 ± 0.12 , followed by 7.0 mg/L (callus formation = 2.03 ± 0.25). Callus formation was significantly reduced by decreasing the IAA concentration. Minimum callus formation (1.13 ± 0.19) was recorded at a concentration of 1.0 mg/L. Pith explant produced maximum callus at 7.0 mg/L with a callus formation score of 1.88 ± 0.36, followed by 1.38 ± 0.36 at 9.0 mg/L. Minimum callus formation (0.70 ± 0.74) was recorded at 1.0 mg/L IAA. Leaf as explant source produced a maximum score of 1.82 ± 0.23. The effect of explant source was obvious by this assessment (Table 4) .
It was evident from the above findings that higher levels of IAA proved more effective than lower concentrations. Wen and Kinsella (1991) reported similar findings. Leaf as explant source proved to be a better callus producer than pith. These results are also in line with previously reported findings (Shahid et al., 1994; Javed et al., 2001 ). On average, IAA-containing medium produced a callus formation score of 1.53 ± 0.17, which is less than that obtained with 2,4-D (1.72 ± 0.20) as auxin. This could be the reason why 2,4-D has been used by many research workers (Mannan and Amin, 1999; Prajapati et al., 2000; Hanafy et al., 2007) .
Callus induction with two explant types at different concentrations of IAA was also investigated. Callus initiation was observed with all treatments in both explants, but the rates differed. Callogenic response by leaf explant was between 60.0 and 96.67% and by pith explant from 50.0 to 86.67% (Table 4) .
The highest callus initiation response by leaf explants was with 7.0 mg/L IAA (96.67%), followed by 9.0 mg/L IAA (90.0%). Minimum callus induction, i.e., 60.0%, was recorded at 1.0 mg/L IAA. Using pith explants, a maximum of 86.67% cultures developed calli at 9.0 mg/L fol-lowed by callus induction of 80.0% at 7.0 mg/L IAA, whereas minimum callus induction (50.0%) was recorded at a dose of 1.0 mg/L. These findings showed that callus induction rate increased with increase in IAA concentration in the medium. The results also indicated that callus induction was greater with the leaf as explant source (86.0%) compared to pith explant (71.33%).
Organogenesis, regeneration of micro-shoots
Calli developed by leaf explant when cultured on MS + 2,4-D as auxin, produced maximum shoots on MS medium supplemented with 1.0 mg/L kinetin (Table 5 ) and 90% cultures initiated shoot emergence. The average number of shoots obtained per test tube was 21.00 ± 0.86. It was followed by 0.5 mg/L kinetin, which produced 15.80 ± 0.50 shoots with 80% shoot induction. Low levels of cytokinin (kinetin) to regenerate sugarcane calli was also used by Javed et al. (2001) , Ali et al. (2008) and Ather et al. (2009 Calli obtained on MS + 2,4-D using pith explant when cultured on regeneration media produced an average of 7.23 ± 0.35 shoots per test tube at 1.0 mg/L kinetin and 80% cultures responded with regeneration, followed by 1.5 mg/L kinetin, giving 6.51 ± 0.24 shoots with 60% cultures showing organogenesis. This indicates that leaf-based calli are more meristematic and more morphogenic compared to pith source calli. Similar results were found in previous studies by many workers (Shaheen and Mirza, 1989; Shahid et al., 1990; Rahman et al., 2003) .
Performance of leaf calli produced using IAA in media, generated 6.94 ± 0.25 shoots per test tube and 60% cultures responded with regeneration in a medium containing 0.5 mg/L kinetin, followed by 1.0 mg/L kinetin where the average number of shoots was 6.10 ± 0.16 and 80% cultures showed regeneration (Table 5) .
Performance of pith calli produced in the medium containing IAA, generated 3.96 ± 0.22 shoots per test tube and 50% cultures responded with regeneration in medium containing 1.0 mg/L kinetin, followed by 0.5 mg/L kinetin, where the average number of shoots produced was 3.40 ± 0.14 and 50% cultures showed regeneration (Table 5 ). This indicates that the regeneration ability of calli developed with 2,4-D-suppplemented MS medium was much better than with IAA-containing medium. Based on these results, it may be concluded that callus tissue cells produced in the presence of 2,4-D were more receptive to kinetin for shoot formation. Calli obtained from pith explants produced in the media containing 2,4-D and IAA showed less morphogenic response compared to leaf explants. It may be due to the formation of non-morphogenic callus from pith explant source.
The elongated shoots (<4 cm long) were transferred to rooting medium for root induction. In vitro induction of roots in the regenerated shoots was studied in full-and half-strength MS medium supplemented with five different concentrations of IBA or NAA. Root induction was observed at all five concentrations of IBA and NAA with half-and full-MS media. However, rooting response varied with basal medium strength and auxin concentrations. Frequency of root formation was different in all treatments.
It was observed that 65% of shoots established roots with a mean of 6.75 ± 0.76 roots at 1.5 mg/L IBA in full-strength MS medium, whereas 60% root induction with 6.45 ± 0.52 roots in half-strength MS medium at the same concentration of IBA. When NAA was added to full-and half-strength MS medium, the best response was seen with a concentration of 1.5 mg/L, producing 50 and 55% root induction and 6.45 ± 0.77 and 5.14 ± 0.35 roots, respectively (Table 6 ). Many investigators have used IBA at lower concentrations for root induction (Baksha et al., 2002; Khatun et al., 2003; Sabaz et al., 2008) . Mean values shown in Table 6 indicate that half-strength MS medium when supplemented with IBA and NAA produced 4.51 and 4.34 roots, respectively. These values are higher than the number of roots produced when full-strength MS medium was used for root culture. The results are in line with the findings of Khadiga et al. (2009) . A total of 627 plantlets (somaclones) produced were transplanted in the field after hardening under greenhouse conditions. These somaclones were evaluated for their resistance against red rot using their own pathotype by the bore hole method for three consecutive generations. Only those progeny in which inocula did not cross the adjacent nodes were declared resistant. Fifteen somaclones that showed resistance were used in the molecular studies.
Molecular studies
DNA-based markers were also used to assess variability among 15 somaclones and their parent genotype S97US297. In the present study, two types of markers, RAPD and SSR, were used. The results are described below.
RAPD polymorphism in somaclones and their parent S97US297
In total, 100 RAPD primers were used, of which 20 were found to be polymorphic. The polymorphic primers generated 79 DNA fragments. Of 79 bands, 31 were polymorphic, while 48 were monomorphic, depicting 39.24% polymorphism (Table 7) . Thus, the average number of bands produced by each primer was 3.95. The size of the amplification products ranged from 250 to 700 bp. The maximum number of bands (7) was produced by the primer GLA-08 and GLA-16, followed by primer GLA-13 (6), whereas the minimum number (2) of bands was produced by the primers GLC-09, GLC-15 and GLC-16. Primer GLA-02 depicted maximum (66.66%) polymorphism, followed by primer GLA-14 with 60.0% polymorphism. Primer GLA-13 was the least polymorphic with 16.67% polymorphism. PIC is directly correlated with the allelic diversity at a given locus that can be detected per marker in a set of individuals. The PIC value is the discriminatory power of the primer used; it describes the capacity of the primer to exploit polymorphism. The PIC value ranged from 0.06 to 0.45 (Table 7) . A maximum PIC value of 0.45 was shown by the RAPD primer GLC-19, followed by the primer GLC-15 with 0.40. It is possible that other primers could yield a higher level of PIC. The RAPD technique has been used by many scientists to detect somaclonal variation in sugarcane (Taylor et al., 1995; Saini et al., 2004; Jain et al., 2005; Suprasanna et al., 2006 Suprasanna et al., , 2007 Devarumath et al., 2007) . Nair et al. (2002) investigated genetic diversity in 28 prominent Indian sugarcane varieties with 63.74% polymorphism using 25 RAPD markers. Lal et al. (2008) Data exhibited in Table 8 indicate that the mean genetic similarity among the soma- Table 8 . Similarity matrix of somaclones and their parent S97US297 as revealed by RAPD markers.
clones derived from parent S97US297 is 82.48% (0.64-0.97), which shows that the somaclones are similar for a large part of the genome. This may be due to the fact that somaclones had been developed from the same parent. The greatest similarity, 97.0%, was recorded between the somaclones S97US297-S-05 and S97US297-S-10, followed by similarity indices of 95.0% between the somaclones S97US297-S-12 and S97US297-S-13. The somaclone S97US297-S-03 had the least genetic similarity (0.64) with the parent genotype. S97US297-S-15 had maximum similarity (0.78) with the parent S97US297 (P) followed by S97US297-S-08 with a similarity index of 0.76. From the similarity matrix, it can be concluded that somaclone S97US297-S-03 differs the most from the parent compared to the other somaclones. This provides evidence of the occurrence of maximum genetic changes in this clone while passing through in vitro culture.
A dendrogram of fifteen somaclones and their parent S97US297 (Figure 1 ) was constructed based on the genetic similarity matrix generated from the 79 RAPD loci amplified by 20 primers. On the basis of clustering pattern at similarity index of 0.80, somaclones may be divided into three groups.
Somaclones S97US297-S-01 and S97US297-S-15 formed the most dissimilar pair, which occupied Cluster 1. Cluster 2 consisted of the maximum number of somaclones, i.e., 13. This cluster was divided into further subclusters. Somaclones S97US297-S-02 and S97US297-S-03; S97US297-S-9 and S97US297-S-11 formed the second most dissimilar pairs of somaclones. Somaclones S97US297-S-05 and S97US297-S-10 were the most similar somaclones, whereas somaclones S97US297-S-12 and S97US297-S-13 were the second most similar pair. Parental genotype S97US297 was the most divergent from all the somaclones with a similarity index of 0.71. It alone occupied Cluster 3.
Clustering and subclustering, as depicted in the dendrogram, demonstrated the induction of variability at the DNA level through somaclonal variation. The data obtained in this study also confirmed the efficiency of the RAPD technique for determination of genetic distances and relatedness among different sugarcane somaclones. RAPD analysis has been found to be a valuable DNA marker system to evaluate genetic diversity, and it may be very useful in breeding for early identification of the most diverse clones in a large population. In view of the useful information about the close genetic relationship, it is believed that goal-oriented breeding programs with the help of somaclonal variation will enhance the production of distinct genotypes with diverse genetic background and improve crop productivity.
SSR polymorphism in somaclones and their parent S97US297
In total, 50 SSR primers were used, of which 28 were found to be polymorphic. A total of 49 bands were generated by these 28 SSR primers (Table 9) .
Of 49 bands, 33 bands were polymorphic, showing 67.34% polymorphism. The average number of bands produced by each primer was 1.75. The size of the amplification products ranged from 100 to 1400 bp. The maximum number of bands (9) was produced by the primer SMs006, whereas 17 primers produced a single polymorphic band. Primer SMs008 was the least polymorphic, with 33.33% polymorphism. Jannoo et al. (2001) reported a high level of heterozygosity in Mauritius sugarcane germplasm. They studied diversity in 96 genotypes with just two primer pairs. Cordeiro et al. (2001) applied 21 primer sets to five sugarcane genotypes, and among them, 17 pairs were polymorphic, but the level of polymorphism (PIC value) in the cultivars detected by these SSRs was low (0.23). Khan et al. (2009) developed tissue culture plants using young leaf of sugarcane as explant. Genetic fidelity with 10 SSR primers was studied. A total of 37 loci were amplified, of which 30 were polymorphic, indicating 81% polymorphism. The average number of loci per locus was 3.7, with a range of two to eight. The amplified product resulting from SSR primers ranged from 117 to 2191 bp. Using SSR primers, the present study showed PIC values ranging from 0.06 to 0.47 (Table 9) . A maximum PIC value of 0.47 was obtained with SSR primers SMs045 and SMs030, whereas the lowest PIC (0.06) was recorded for the primer SMs026. The mean genetic similarity among the somaclones derived from parent S97US297 was 67.62%, which also shows that a large part of the genome is similar (Table 10 ). This may be due to the fact that the somaclones had originated from the same parent. The greatest similarity (95.0%) was recorded between the somaclones S97US297-S-08 and S97US297-S-14. The somaclone S97US297-S-02 had the maximum genetic similarity (0.91) with the parent followed by the somaclone S97US297-S-15 (0.86). The somaclones S97US297-S-03, S97US297-S-05 and S97US297-S-07 had the least genetic similarity (0.43) with the parent. Khan et al. (2009) determined a similarity coefficient matrix based on genetic distance according to Nei and Li (1979) to estimate the genetic divergence and relatedness among the somaclones developed, which ranged from 0.366 (P-100 vs P-98) to 0.951 (parent vs P-104).
A dendrogram was constructed using fifteen somaclones and their parent S97US297 (Figure 2 ) on the basis of genetic similarity matrix generated from the 49 SSR loci from 28 polymorphic primers. The clustering pattern showed that at a similarity index (coefficient) of 0.70, the somaclones formed four clusters. Cluster 1 consisted of two somaclones, S97US297-S-01 and S97US297-S-05, and Cluster 2 consisted of four somaclones, S97US297-S-03, S97US297-S-07, S97US297-S-08, and S97US297-S-14. Cluster 3 consisted of six somaclones, S97US297-S-06, S97US297-S-09, S97US297-S-10, S97US297-S-11, S97US297-S-12, and S97US297-S-13, and Cluster 4 consisted of three somaclones, S97US297-S-02, S97US297-S-04, S97US297-S-15 and S97US297 (P). Somaclones S97US297-S-01 and S97US297-S-05 comprised the most dissimilar pair and occupied Cluster 1. S97US297-S-08 and S97US297-S-14 were the most similar somaclones present in Cluster 2. Three pairs, namely somaclones, S97US297-S-06 with S97US297-S-13, S97US297-S-09 with S97US297-S-10, and S97US297-S-02 with S97US297 (P), were the second most similar ones. Clustering and subclustering as depicted in the dendrogram certified the presence of variability at the DNA level.
Results of SSR analysis confirmed the generation of genetic variability through somaclonal variation in sugarcane genotype S97US297. The data obtained in this study also confirmed the ability to use SSR markers for the determination and estimation of genetic similarity and dissimilarity among different sugarcane somaclones developed from the same parent. The information about genetic similarity will be helpful to create a population of genetically uniform somaclones or to select a variable somaclone with improved traits and increased productivity with respect to the parent. Like RAPD, SSR analysis may also be very useful in breeding for early identification of the most diverse clones in a large population. In this study, SSR markers proved to be better than the RAPD markers with respect to the ability to detect polymorphism, as only 39.24% polymorphism was observed by RAPD compared to 67.34% polymorphism detected through SSR. However, it is also suggested that a larger number of primers should be surveyed to get more precise results. Table 10 . Similarity matrix of somaclones and their parent S97US297 as revealed by SSR markers. This study identified the usefulness of somaclonal variation in generating variability in sugarcane genotype S97US297 and also ability of RAPD and SSR markers to determine the diversity among somaclones along with the parent. Very limited reports on the use of DNA markers for the estimation of somaclonal variation are available, and hence, this study should provide a benchmark for further studies.
APPENDIX
Appendix A. Polymerase chain reaction (PCR) conditions and concentrations of the reagents. For conducting PCR, all reagents, except DNA, were combined in one tube to make a master mix, and then aliquots of 23 μL in labeled PCR tubes were kept on ice.
RAPD analysis
Reaction mixture
The DNA samples were amplified in a thermal cycler (Eppendorf DNA Thermal Cycler 9600) using the following PCR conditions.
PCR profile
Amplification was performed in an Eppendorf DNA Thermal Cycler 9600 programmed for a first denaturation step of 5 min at 94°C (initial denaturation), followed by 40 cycles of 1 min at 94°C (denaturation), 1 min at 36°C (primer annealing) and 2 min at 72°C for extension. The reactions were kept at 72°C for 10 min for a final extension step. 
SSR analysis
Reaction mixture
